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many experiments have shown that there is no appreciable dis-
placement in the lines of the spectrum of the gas in the discharge
tube when the discharge is observed end on, while if the mole-
cules were moving with even a very small fraction of the velocity
of light, Doppler's principle shows that there would be a measur-
able displacement of the lines. It does not indeed require spec-
troscopic analysis to prove that the molecules cannot be moving
with half the velocity of light; if they did it can easily be shown
that the kinetic energy of the particles carrying the discharge of
a condenser would have to be greater than the potential energy
in the condenser before discharge.

When, however, we consider the discharge as passing along
these Grotthus' chains, since the recombinations of the different
molecules in the chain go on simultaneously, the electricity will
pass from one end of the chain to the other in the time required
for an atom in one molecule to travel to the oppositely charged
atom in the next molecule in the chain. Thus the velocity of the
discharge will exceed that of the individual atoms in the pro-
portion of the length of the chain to the distance between two
adjacent atoms in neighbouring molecules. This ratio may be
very large, and we can understand therefore why the velocity
of the electric discharge transcends so enormously that of the
atoms.

217.] We thus see that the consideration of the smallness of the
electromotive intensity required to produce chemical change or
discharge, as well as of the enormous velocity with which the
discharge travels through the gas, has led us to the conclusion
that a small fraction of the molecules of the gas are held together
in Grotthus3 chains, while the consideration of the method by
which the discharge passes along these chains indicates that the
spark through the gas consists of a series of non-contemporaneous
discharges, the discharge travelling along one chain, then wait-
ing for a moment before it passes through the next, and so on.
It is remarkable that many of the physicists, who have paid the
greatest attention to the passage of electricity through gases,
have been driven .by their observations to the conclusion that
the electric discharge is made up of a large number of separate
'discharges. The behaviour of strise under the action of magnetic
force is one of the chief reasons for coming to this conclusion. On
this point Spottiswoode and Moulton (Phil. Tmns. 1879, part 1,to an actual reversal of thef
